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2 (54) Title: OILY PACUTAXEL COMPOSITION AND FORMULATION FOR CHEMOEMBOLIZATION AND PREPARATION 
fs| METHODTHEREOF 

n 

^ (57) Abstract: Oily paclitaxel composition and formulation for chemoembolization and preparation method thereof solubilizing pa- 
— ^ clitaxel in an oily contrast medium. The composition of the present invention solubilizes paclitaxel and has an advantage of delivering 
2 anticancer drug to the target cells by chemoembolization since it is possible to visuahze the blood vessel during the chemoemboliza- 
tion process. The present invention also relates to oily paclitaxel composition and formulation additionally comprising chemicals 
Q that prevent paclitaxel precipitation for prolonged preservation and the preparation method thereof. Since the composition of the 
^ present invention solubilize paclitaxel effectively and can be visualized during chemoembolization, it can be used for TACE to treat 
^ hepatoma and other solid tumors. 
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OILY PACLITAXEL COMPOSITION AND FORMULATION FOR 
CHEMOEMBOLIZATION AND PREPARATION METHOD THEREOF 

TECHNICAL FIELD 

5 The present invention relates to oily paclitaxe! composition and 

fomiulation for transcatheter arterial chemoembolfeation CTACE) by solubilizing 
paclrtaxel and the preparation method thereof. The present invention also 
relates to oily paclitaxe! composition and fomiulation additionally comprising 
chemicals that prevent paclitaxel precipitation for prolonged preservation and 

10 the preparation method thereof. 

BACKGROUND ART 

TACE is a cancer treatinent metiiod that prevents the nutrition supplies 
to the cancer tissue by injecting embolizing materials and anticancer agents 
15 though the feeding artery of tumor while visualizing the operation process with 
contrast medium. Since tiie composition of the present invention solubiiizes 
paclitaxel effectively, it can be used for TACE to tieat hepatoma and other solid 



tumors. 



20 



The most widely used TACE is transcatheter arterial chemoembolization 
through hepatic artery for the treatment of hepatoma. The contrast medium 
senses as a visuafeation tool during and after the operation and also causes 
embolism in the tumor. The anticancer drugs such as doxombicin (adriamycin). 
cisplatin and carboplatin are dissolved or suspended in oily contrast medium. 
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One of the most frequently used contrast media in TACE is iodized oils 
such as Lipiodol®. The suspension system comprising Lipiodol and above- 
mentioned anticancer drugs, however, is physically unstable and therefore has 
many limitations during the operation. The anticancer agents such as 

5 doxorubicin and epirubicin are used conventionally for the treatment of 
hepatoma in Radiology. Most of the anticancer agents, however, are water- 
soluble materials. Therefore, suspension type fomiulation. rather than oily 
solution, was used in TACE (Yoshihiro Katagiri et al., Cancer Chemother. 
Pharmacol 1989, 23, 238-242). The suspension type fomiulation, however, 

10 cannot be stored for a prolonged period of time since particles aggregate upon 
storage. 

To overcome this stability problem, the anticancer drug is dissolved in 
the aqueous contrast medium before dispersing the aqueous phase in the oily 
contrast medium such as Lipiodol®. In other words, the anticancer drug is 

15 dissolved in the aqueous contrast medium and mixed with oily contrast medium 
by pumping method just before administering to a patient. To maximize the 
stability of the emulsion, aqueous contrast media such as Urografin (specific 
gravityl .328-1 .332) or lopamiro (specific gravity 1.17-1.41) are used since they 
have similar specific gravities with Lipiodol (1 .275-1 .290)(Takashi Kanematsu et 

20 al.. Journal of surgical oncology 1984. 25, 218-226, Takafumi Ichida et al.. 
Cancer Chemother. Pharriiacol 1994, 33. 74-78). However, only a transient 
emulsion that phase-separates In a few minutes after preparation is produced 
by the above method. Unstable emulsion system does not provide enough 
embolizing effect. In reality, phase separation can be observed inside the 

2 
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catheter during the operation. When this unstable emulsion is administered, 
adriamycin is absorbed immediately to the tissue and therefore does not 
provide an effect of sustained delivery of anticancer dmg. 

One of the ideal hepatoma treatments uses a synthetic polymeric 
5 anticancer agent. poly(styrene^aleic acid)-coniugated neocarzinostatin 
(SMANCS). SMANCS can be solubilized in Lipiodol since it has both hydrophilic 
and hydrophobic properties (Konno. T. and Maeda. H.. Targetting 
chemotherapy of hepatocellular carcinoma. Neoplasms of the liver. Eds. Okuda. 
K.. and Ishak. K. G... Springger-Verlag. Berlin. P343-352). Even though 
10 SMANCS/Lipiodol fomiulation has solved the stability problems of 
adriamycin/Lipiodol fomiulation. SMANCS/Lipiodol fomiulation is not widely 
used due to the high price and severe toxic side effects. 

On the other hand, paclitaxel. an anticancer agent, shows excellent 
cytotoxicity to ovarian cancer, breast cancer, esophagus cancer, melanoma and 
15 leukemia. Paclitaxel has been commerdallized as intravenous injection 
Taxol® by Bristol-Myers Squibb Company. 

Paclitaxel is one of the water-insoluble drug and therefore the 
solubilization technique has been developed along with the drug itself. One of 
the examples in the solubilization technique is the use of solubilizing agent for 
20 systemic administration such as intravenous Injection. The above-mentioned 
Taxol® uses Cremophor EL (polyoxyethylene 35 castor oil) and ethanol as 
solubilizing agents. Taxol® is a pre-concentrate type emulsion fomnulation that 
forms microemulsion spontaneously when dispersed in excess amount of water 
(US patent 5438072). It is known, however, that solubilizing agent in Taxol® 

3 
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causes toxic side effects. Therefore, many studies are performed to develop 
new paclitaxel fomnulations with high anticancer activity and low toxic effects. 

SUMMARY OF THE INVENTION 

5 The object of the present invention is to use paclitaxel in transcatheter 

arterial chemoembolization by solubilizing paclitaxel. 

Therefore, one of the objects of the present invention is to provide a new 
composition of paclitaxel that can solubilize paclitaxel. 

More particuiariyi the object of the present invention is to provide an oily 
10 paclitaxel fonnulation that can be used for the treatment of solid tumors by 
transcatheter arterial chemoembolization 

Also, another object of the present invention is to provide an oily 
paclitaxel formulation that can maintain the original composition stably during 
the transcatheter arterial chemoembolization process. 

15 Another object of the present invention is to provide a preparation 

process of the above composition of paclitaxel. 

Another object of the present invention is to provide a paclitaxel 
composition for transcatheter arterial chemoembolization comprising an 
additional component to prevent paclitaxel precipitation. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

While trying to find a paclitaxel formulation that can be used in 
transcatheter arterial chemoembolization to meet the above mentioned 
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expectations, the present inventors have found unexpectedly that paclitaxel is 
soluble in the oily contrast medium to fbmi a homogeneous single phase 
viscous oily liquid of viscosity ranging 40 ~ 180 centipoises (cP). 

Also the paclitaxel/oily contrast medium composition can be stored for a 
5 long period of time without changing the composition since it is chemically and 
physically stable. This paclitaxel/oily contrast medium composition has 
superior physical properties to the conventional Upiodol fomiulations using 
water-soluble anticancer drugs such as doxorubicin. The paclitaxel/oily 
contrast medium composition of the present invention has similar physical 
10 characteristics to SMANCS/Lipiodol fbmiulation. In contrast to the 
SMANCS/Lipiodol formulation that is too expensive and has toxic side effects, 
however, the paclitaxel/lipiodol composition uses two relatively inexpensive raw 
materials and is very easy to prepare reducing the production cost. Also the 
obtained fom^ulation is stable upon storage. 
15 The oily paclitaxel formulation of the present invention can maintain the 

original composition stably during the transcatheter arterial chemoembolization 
process while the conventional Lipiodol/lopamiro/doxorubicin fomiulation 
phase-separated immediately after mixing. Therefore, the paclitaxel/oily 
contrast medium fom.ulation of the present invention can deliver the anticancer 
20 drug in a sustained release fashion to the tumor. Also, the fomiulation can be 
stored for a long period of time due to its excellent stability. Moreover, the 
result described hereinbelow shows that the formulation of the present invention 
has an excellent embolization effect and anticancer activity when TACE was 
perfomied through hepatic a^ery in an animal model. Therefore, it is expected 



5 
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that the formulation of the present Invention can be used In TACE. 

Even though the most typical TACE is TACE through hepatic artery, it 
can be applied to a variety of solid tumors. For instance, SMANCS/Llpiodoi 
fonnulation has been used for the targeted therapy of renal cancer by 
5 performing TACE through renal artery (K. Tsuchiya, Tumor-targeted 
chemotherapy with SMANCS in Lipiodol for renal cell carcinoma: longer survival 
with larger size tumors. Urology. 2000 Apr,55(4):495-500). 

The object of the present invention Is to use paclitaxel in transcatheter 
arterial chemoembolization by solubilizing paclitaxel. 

10 An example of an oily contrast medium that can be used in preparing 

the paclitaxel/oily contrast medium composition is iodized oil. The iodized oils 
include iodized poppy seed oil such as Lipiodol (Laboratoire Querbet, France), 
Ethiodol (Savage Laboratories, Melville. NY) and Iodized soybean oil. The 
iodized soybean oil is described by Ma Tai (The effect of oral iodized oil on 

15 prevention and treatment of endemic goiter. Chinese Med. J. 61 (9):533, 1981). 

The iodine content of the iodized oil used as oily contrast medium in the 
present Invention is preferably 30 ~ 50 % by weight More preferably, the 
iodine content is 35 ~ 45 % by weight. It is the most preferable to use Lipiodol 
as the oily contrast medium. 

20 The amount of paclitaxel in the paclitaxel/oily contrast medium of the 

present invention is 0.0001 ~ 10 mg per 1 ml of oily contrast medium. When 
the amount of paclitaxel exceeds 10 mg per 1 ml of oily contrast medium, It is 
not preferable since the excess paclitaxel precipitates. On the other hand, 

anticancer activity is too low when the amount of paclitaxel Is lower tiian 0.0001 
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mg per 1 ml of oily contrast medium. 

Also, animal oils such as squalene or vegetable oils such as soybean oil 
can be included additionally in the paclitaxel/oily contrast medium composition 
of the present invention. By substituting parts of the oily contrast medium with 
5 animal oils, vegetable oils or their mixture, the cost of producing the fomiulation 
can be lowered without sacrificing the efficacy or stability. The ratio of oily 
contrast medium: animal oil and/or vegetable oil is 1 :0.01 - 1 by volume. More 
preferably, the above ratio is 1: 0.01 ~ 0.5. 

The paclitaxel/oily contrast medium composition of the present invention 
10 can be easily prepared by adding padilaxel to the oily contrast medium 
according to the above composition range and solubilizing paclitaxel by stimng 
the mixture at room temperature. To speed up the solubilization process, it is 
acceptable to raise the temperature to 35 ~ 45 "C or to sonicate in a bath type 
sonicator. The prepared paclitaxel/oily contrast medium composition is stored 
15 after sterilization process. It is acceptable to use sterilized raw materials and 
to mix them under a sterile environment. Or the paclitaxel/oily contrast 
medium composition can be sterilized by injecting through a sterile syringe filter 
(pore size 200 ^m. PVDF sterile filter). It is also acceptable to sterilize and to 
mix the oily contrast medium and paclitaxel or to sterilize the composition by 
20 using gamma ray or EO gas sterilization protocols. 

The paclitaxel/oily contrast medium composition of the present invention 
prepared as above was stable for more than 60 days at room temperature. 

In the above oily composition, paclitaxel is precipitated out of the oily 
solution eventually even though paclitaxel is stably solubilized for 2 months. 

7 
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The precipitation is formed by inter- and intra-moiecuiar liydrogen bonding 
between paclitaxel molecules. The present inventors have found that the 
precipitation can be effectively prevented by adding chemicals that fomi 
hydrogen bonding with paclitaxel or that disturb Inter- and intra-molecular 
5 hydrogen bonding between paclitaxel molecules. The oily paclitaxel composition 
does not fomi precipitation after 2 months if the oily contrast medium itself can 
fomi hydrogen bonding with paclitaxel. 

When Lipiodol, one of the most popularly used oily contrast media, was 
used, Lipiodol cannot fomn hydrogen bonding with paclitaxel due to the 
10 chemical nature of Lipiodol moelcules. In this case, the chemicals which can 
fomri hydrogen bonding with paclitaxel in Lipiodol solution can prevent paclitaxel 
precipitation. For example, paclitaxel precipitation was prevented when 
' tricaprylin was added to the oily paclitaxel composition since the hydrogen 
bonding between paclitaxel and tricaprylin was fomned instead of that between 
15 paclitaxel molecules. 

The contents of paclitaxel and the oily contrast medium in the oily 
paclitaxel composition after prolonged storage depend on the preparation 
process. If the composition was prepared in the absence of moisture or 
oxygen and also without being heated, the composition is stable for longer 
20 period of time since oxidation and hydrolysis of the components can be 
minimized. The precipitation process, however, is a thermodynamlcally driven 
process unlike other destabilization processes. Therefore, precipitation 
fomiation is unavoidable for the present oily paclitaxel composition no matter 
what precaution is taken during and after preparation. The rate of precipitation 
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^ depends on me »nce*a.^ «. pa*xe, in me oiV con.pos«on. In 
oase pacnaxe, concen.««ons 3. 10 mgAnl and S n^l h me * oon,pos«on, 
^ p^p^auen . fonned ,n appro.™,* 60 and 120 daya, .speoOve^. a. 
an,«en. «n^ra.u«s, The^«. me ^ paC«axe, ,cn.u,a«on oan be a.abte 
. fe, „ore man 1 yea, onW when add«ona. con^nen. ma. pa*,e. 
precipitation is added to me composition. 

me oii, padita^i con^cn of «» P-^-"' — ^ 
con-pHse a <»mponent ^ inh* paC«axe, preOpitat."- ^ 
^ Of pacnaxei in me oiV <»n,posi^n U,creases up to 13 n,g,m. « m« 

10 case. 

,„ omer words, me amount of padtexei in me pac,« contrast 
„ed,un, of me present ^ ^ 0.0001 - 13 n«, and me amount 0, me 
mat prevents pa.»axe, precip«on . 0.01 - 1 mi per 1 m, of o,^, 

contrast medium. 

Anexamptecf^-eoiiyc^trastmediumismesameasdescnbedai^ve. 

T,« ^emicals ma. can prevent padltaxel precipitation in preparing me 
pa^Haxei/oi^ contrast medium compos«on incKrde an agent ma. .«ms 
HW^gen t^rding * paci«a», or a chaotropic agent mat disturbs Mrogen 
bonding between paclitaxei molecuies. 

Chemicais ma. can f«m hydrogen bonding wim me above paciitaxe, 
^olecuie include aiooho., po^-s, oi., i'^id. poiymers or pept^es. Alcohols 
Wude mem»,ol. ethanol. p^panol, Isopropanoi, butanoi and ..tty a^hols. 
Polyols indude emy.«« ^. P~P»^"e gtyco, and po^my,enegN«>,. 0-s 
i„*de trigvceriaes, digiycerUie, mo,«gWceddes, tocopherol and an^a. or 
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plant oils which are the mixtures of triglycerides, diglyceride. monoglycerides 
and other minor components. Lipids include phospholipid, neutral lipid, 
cationic lipid, anionic lipid and fatty acid. Polymers include poly(lactic acid), 
poly(giycolic acid) and their copolymers, chitosan, alginate, hyaluronate, 
5 daxtran and poly(8-caprolatone). Chaotropic agents include dimethylsulfoxide 
(DMSO) and amides. 

The pacritaxel/oily contrast medium of the present invention was stable 
for more than 200 days at ambient temperatures when a chemical that prevents 
paclitaxel precipitation was added. 

10 The paclitaxel/oily contrast medium of the present Invention can be used 

for TACE to treat solid tumors and has a viscosity of 40-180 cP. 

Also the amount and the method of the administration of the 
paclitaxel/oily contrast medium composition of the present invention can be 
varied up to the decision of the doctor depending on the age, sex, weight, and 
15 severeness of the patient Generally. TACE can be performed once in 1 - 4 
months and can be repeated. Two to 15 ml of the fomiulation is injected 
through the feeding artery of a solid tumor, for instance through hepatic artery in 
case of hepatoma. 

The invention will be further illustrated by the following examples. It 
20 should be understood that these examples are intended to be illustrative only 
and the present invention is not limited to the conditions, materials or devices 
recited therein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 Is a computed tomography (CT) picture obtained 1 weelc atter 
selectively administering 0.3 cc of paclitaxel/iipiodol formulation of the present 
invention to the rabbit hepatoma by transcatheter arterial chemoembolization. 
5 The amount of the administered paclitaxel corresponds to A) 1 mg. B) 3 mg and 
C) 0 mg. 

Figure 2 is a graph showing the concentratiori of paclitaxel in the 
hepatoma and neighboring nomiai liver tissues one week after selectively 
administering 0.3 cc of paclitaxel/iipiodol formulation of the present invention to 
10 the rabbit hepatoma by transcatheter arterial chemoembolization. The 
quantitative analysis of paclitaxel was perfomied by high perfom^ance liquid 
chromatography (HPLC). The amount of the administered paclitaxel 
con-esponds to A) 1 mg and B) 3 mg. 

Figure 3 is a graph showing the percent ratio of the viable tumor In total 
15 hepatoma tissue one weelc after selectively administering 0.3 cc (the groups 
administered with 1 mg and 3 mg of paclitaxel) and 0.4 cc (the group 
administered with 4 mg of paclitaxel) of paclitaxel/iipiodol fomiulation of the 
present invention to the rabbit hepatoma by transcatheter arterial 
chemoembolization. In case of the negative control group. 0.3 cc of Lipiodol 
20 was administered. 

Figure 4 is a graph showing the concentration of paclitaxel in hepatoma, 
left lobe and right lobe one weelc after selectively administering 0.4 cc (the 
group administered with 4 mg of paclitaxel) of paditaxel/llpiodol fomiulation of 

the present invention to the rabbH hepatoma by transcatheter arterial 

11 
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chemoembolization. 

- • -; concentration of paclitaxel in hepatoma, 

- O -; concentration of paclitaxel in left lobe, 

- ; concentration of paclitaxel in right lobe. 

5 Figure 5 is a photograph of paditaxel/lipiodol and 

paclitaxel/lipiodol/tricaprylin fomnulations after 200 days of storage at ambient 
temperature. 

A; photograph of paditaxel/lipiodol fonmulation, 

B; photograph of paditaxel/lipiodol formulation under polarized light 
10 microscope, 

C; photograph of paclitaxel/lipiodol/tricaprylin fomiulation, 

D; photograph of paclitaxel/lipiodol/tricaprylin formulation under 
polarized light microscope. 

Figure 6 is a graph showing the thickness of mice footpad after injecting 
15 20 ii\ of paclitaxel/llpiodol/tricaprylin fomiulation (the group administered with 
200 jig of paclitaxel) 5 days after inoculating melanoma cells. In case of the 
control group. 20 ^l of llplodol/tricaprylin was administered. Untreated group 
was also used as a negative control. 

- • group administered with 20 |il of paclitaxel/lipiodol/tricaprylin 
20 fonnulation (200 \xg of paclitaxel), 

- O -; group administered with 20 \i\ of lipiodol/tricaprylin formulation, 

- T untreated group. 

12 



PCT/KR02/01722 

WO 03/022248 

Figure 7 b a graph showlr^ the number of sumving mice after hjecBng 
20 m of pacliBxelfllpio<loWHcaprylir, fbmrulation (the group adminietered with 
200 w Of paoinaxel) 5 days after inoculating melanoma cells. Untreated group 
was used as a negative control. 
5 . . .; group administered with 20 m1 of paoiitaxeMlpiodolAricaprylin 

formulation (200 ng of paclltaxel), 
. O -; untreated group. 

EXAMPl.ES 

IQ Example 1. 

Preparation of pacHtaxelAJplodol composition 
one milliliter of Lipiodol (Uplodol Uitra*id, Laboratoire Guerbet, 
France, Iodine content 38 % by weight) was used as an oily contraat medium. 
Lipiodol and 2. 4, 6, 8, 10 or 11 mg of paclltaxel (Samyang Genex, Korea) were 
,5 added in test tubes (micro test tubes with safety lock, polyethylene, 1.5 ml, 
Eppendorf AG, Gemiany) and solubilteed by sirring at room temperature. To 
speed up the solubiiUation process. It to a«eptabte to raise the temperature to 
35 - 45 -C or to sonicate in a bath type sonlcator. When 2 - 10 mg of 
pacwaxel was added in 1 ml of L*lodol, paciwel was completely solublllzed In 
20 uplodol as evidenoed by the fbnnation of dear single liquid phase. When 11 
mg of paclltaxel was added to 1 ml of Uplodol, however, clear liquid was fom«d 
irttially but the turbidity of the solution increased after overnight storage at room 
temperature. Paditexel precipltalion was obsen«d under a microscopy. 

13 
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Therefore, it was confirmed that the solubility of paclitaxel in Lipiodoi Is 
approximately 10 mg/ml at room temperature (24 - 28 ^^C). Viscx)sity of the 
paclitaxel/lipiodol (10 mg/1 ml) fomriulation was measured using a Kinematic 
viscometer Cannon-Fenske Type, Calibrated. Cat. No. 13-617E, Size 200, 
5 Fisher Scientific. Pittsburgh, PA) by measuring the falling time of the liquid 
fomiulation and was 67 cP at 25 ^'C. Since the viscosity was higher than 45 cP, 
embolization effect is maximized, it is expected that paclitaxel/Liplodol 
composition has an excellent embolization effect. 

10 Example 2. 

Physical stability of paclitaxel/Lipiodol composition 

One milliliter of Lipiodoi (Lipiodoi Ultra-fluid. Laboratoire Guerbet, 
France, Iodine content 38 % by weight) and 10 mg of paclitaxel (Samyang 
Genex, Korea) were added in test tubes and solubilized by stirring at room 

15 temperature. To speed up the solubilization process, the temperature of the 
mixture was raised to 40 ''C. Paclitaxel was completely solubilized in Lipiodoi 
as evidenced by the fomiation of clear single liquid phase. The prepared 
composition was sterilized by injecting through a syringe filter (200 jim pore size. 
PVDF filter) and stored at room temperature and at 4 °C for 60 days to observe 

20 the physical stability and the degradation of paclitaxel. There was no change 
in the color and odor of the fonnulation. Phase separation or precipitation did 
not occur. Degradation of paclitaxel was not observed as evidenced by the 
analysis peri'omied by HPLC. 

14 
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The HPLC conditions were as follows. 
. pump: 8P8810 preciston ^craUc pump (Spe*a-Physl» Inc., San Jose. CA) 
.Co.um.W^Bondpa*C18C0.umn(3.9,mnx300mm,WatersCo,p., 

Milford, MA) 

- mm phase: acetonitrile and water 50 o^wA.) each 

- Flow rate:1 mVmm 

. Detector. Spectra 100 vartable wavelength (Spectra-Physics) 



Example 3. 

Physical stability of paclitaxel/Ethiodol composition 

Laboratories. Melville, NY) was used 



5 
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Except that Ethiodol (Savage 
^ 0, Uploaol as an o»y contrast medium, ^ <^ ^ -P^*"" 
«3S prepared as descn^ U, Example 2. Pa.«axal was complete^ soluh««d 
,„ Ethiodol as ev«encedh,*efcm,at.«. of ctears,ngfelM« phase. The 
pn,s,cals.ahi,«yo„heprepa,edc<«,pos«onwas,ested.^««sameme«»ds 

as : Exan^ 2. The prepared composition was stemized and stored a. room 
^perature and a. 4 ^ .or 60 days to ohserve the physteal stahl,«y and ^e 
.egradauon o, pacl»axel. There was no change In the <»lor and odor o. the 
.omiula.^. Phase separa^on or pre.p«a«on did not occur. PegradaHon.* 
, p,.«axelwasno.o.«ervedasevU.encedbytheanaWslspert.m,edhyHPUC. 



Experimental Example 1. 
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Preparation of Hepatoma animal model 

VX2 tumor provided by Deutsches Krebsforschungszentrum Tumorbank 
(Gemiany) was transplanted into the thigh of rabbits (New Zealand White). 
After 2 weeks, the rabbits having 1-2 cm tumors were sacrificed by intravenous 

5 injection of 10 ml of pentothal sodium solution (62.5mg/kg). The tumors were 
excised along with the tissues around them after disinfection with Iodine 
solution and alcohol, removing the hair and cutting the skin over the tumor site. 
The tumor was cut to remove the central necrotic portion. The viable peripheral 
tumor tissue was mixed with calcium and magnesium-free Hank's balanced salt 

10 solution (Grand Island Biological Co., Grand Island. New York) and cut into very 
small pieces with scissors and surgical mess. The tumor solution was mixed 
with 5 ml of RMPI-1640 (Roseweil Park Memorial Institute, Roseweli Pari^, New 
York). The mixture was diluted to 1 x1 0® tumor cells/mm^ 

15 Injection of tu mors cell solution into rabbit liver 

Five hundred milliliters of phosphate buffered saline was administered 

through the vein of the ear via 23 G needle as a first step. Through this rabbit 

vein, 40 ml of phosphate buffered saline mixed with 500 mg of pentothal sodium 

was injected at a flow rate of 1 ml/min to anesthetize a rabbit. The total dose 

20 of the solution was 1.5 ml/kg. The hair in the abdomen was removed, and the 

skin was disinfected with Iodine solution and alcohol. Under the ultrasound 

guide, 0.1 ml of the tumor tissue solution was injected to the liver parenchyma 

of the left lobe with a 1 ml syringe through a 22 G needle. The tumor tissue 

solution was injected to the left lobe among the 5 lobes in the rabbit liver since it 
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is the easiest to observe with the ultrasound (Figure 1). To prevent secondary 
infection, antibiotic (PenbrexR. 250mg) was injected intravenously. After the 
injection of the tumor tissue solution, the rabbits were grown in a rabbit cage 
with normal meals. In two weeks after the transplantation of tumor cells, tumor 

5 was identified by ultrasound observation and CT. The tumor growth could be 
roughly predicted by the growth curve. The ultrasound observation wa. 
perfomied every 3 days, and CT was performed every week starting 2 weeks 

. after the transplantation to follow up the position and size of the tumor. 



10 Example 4. 

Transcatheter arterial chemoembolization with paclitaxel/Lipiodol 
composition in hepatoma animal model 

One m iter of Upiodol and 3.33 mg or 10 mg each of paditaxel 

(Samyang Genex. Korea) were added in test tubes and solubillzed by stirring at 
15 room temperature. To speed up the solubilteation process, the temperature of 
the mixture was raised to 40 »C. Paditaxel was completely solubillzed in 
Liplodol as evWenced by the fomiation of clear single liquid phase. The 
prepared composition was sterilized by injecting through a syringe filter (200 ^m 
pore size. PVDF filter). 
20 In the hepatoma animal model prepared in Experimental Example 1. 

TACE was perfomied through a catheter into the feeding artery of the tumor 0.3 
ml of the paclitaxel/Upiodol fomiulation of the present invention. Therefore, 
the dose of paditaxel corresponds to 1 mg and 3 mg. respedively. As a 
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negative control group, 0.3 cc of Lipiodol was injected to the hepatoma animal 
model. Lipiodol was taken up selectively into the tumor tissue in one week 
after the surgery as shown by the computed tomographic picture in Figure 1 . 

5 Example 5. 

Analysis of paclitaxel concentration in the hepatoma tissue after the 
transcatheter arterial chemoembolization with paclitaxel/Lipiodol composition 

The rabbits were sacrificed in one week after the transcatheter arterial 
chemoembolization in Example 4, and livers were taken out. The paclitaxel 

10 concentration was detemnined in the tumor tissue that Lipiodol was visually 
identified, the tumor tissue that Lipiodol is not visually identified and the nomnal 
liver tissue neighboring the tumor. Each liver tissue was mixed with a lysis 
buffer solution [62.6 mM Tris-HCI (pH 6.8), 2% sodium dodecyl sulfate, 5% p- 
mercaptoethanol, 10% glycerol] and homogenized. After the homogenized 

15 mixture was centrifuged, the supernatant was obtained to analyze the paclitaxel 
concentration by HPLC. The conditions for HPLC were identical to those in 
Example 2. As explained in Example 4, the paclitaxel concentrations in the 
liver of the rabbits administered with the fomiulation con^esponding to 1 mg or 3 
mg of paclitaxel are shown in Figures 2A and 2B, respectively. The 

20 concentration of paclitaxel in the hepatoma tissue that Lipiodol was visually 

identified was the highest. The concentration was relatively high in the 

hepatoma tissue that Lipiodol was not visually identified. On the other hand, 

the paclitaxel concentration was negligible in the nonnal liver tissue neighboring 

the tumor. Therefore, it was confirmed that paclitaxel distributes selectively in 
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the tumor one week after the operation with the paclitaxeULipiodol fom^uiation of 
the present Invention. 

Example 6. 

5 Detem^ination of viable tumor after the transcatheter arterial 

chemoembolization with paditaxelA-ipiodol composition 

one milliliter of Lipiodol and 3.33 mg or 10 mg each of paclitaxel 
(Samyang Genex. Korea) were added In test tubes and solubilized by stirring at 
room temperature. To speed up the solubiMon process, the temperatu,B of 
10 the mixture was raised to 40 «C. Paclitaxel was completely solubilized in 
Lipiodol as evidenced by the fomiatlon of clear single liquid phase. The 
prepared composition was sterilized by injecting through a syringe filter (200 ,m 
pore size, PVDF filter). 

In the hepatoma animal model prepared in Experimental Example 1. 
15 TACE was performed through a catheter into the feeding artery of the tumor 0.3 
n,l (3.33 or 10 mg/ml fomiulations) or 0.4 ml (10 mg/ml fomiulation) of the 
paclitaxel/Lipiodol fom^ulation of the present Invention. Therefore, the dose of 
paclrtaxel coaesponds to 1 mg. 3 mg or 4 mg. respectively. As a negative 
control group. 0.3 cc of Lipiodol was injected to the hepatoma animal model. 
20 Lipiodol was taken up selectively Into the tumor tissue In one week after the 
surgery as shown by the computed tomographic picture in Figure 1 . The rabbte 
were sacrificed in one week after the transcatheter arterial chemoembol^ation. 
and livers were taken out TTie sfee of the tumors in the groups administered 
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with the paclitaxel/Lipiodol formulations was similar to the negative control 
group administered with LIpiodol and was 32 ± 5 mm. Pathological 
examination was perfomned to distinguish necrotic tumor and viable tumor in the 
tumor tissue. The viable tumor portion in the total tumor tissue is shown in 
5 Figure 3. In the negative control group, more than 30 % of the tumor was 
viable whereas the viable tumor was 13.2 %, 10.4 % and 0.6 % in the groups of 
rabbits administered with 1 mg, 3 mg and 4 mg, respectively, of paclitaxel. 
These result indicate that paclitaxel in the paclitaxel/Lipiodol fomnulation of the 
present invention effectively destroys tumor cells. 

10 

Example 7. 

Preparation of Lipiodol/soybean oil/paclitaxel composition 

One milliliter of Upiodol. 0.2 ml of soybean oil and 10 mg each of 
paclitaxel were added in test tubes and solubilized by stim'ng at room 
15 temperature. To speed up the solubilization process, the mixture was sonicated 
in a bath type sonicator. Paclitaxel was completely solubilized in the mixed oil 
system of Lipiodol/soybean oil as evidenced by the fonnation of clear single 
liquid phase. 

20 Example 8. 

Preparation of Lipiodol/squalene/paclitaxel composition 

Except that squalene was used instead of soybean oil, and the mixture 
was heated to 40 to speed up the solubilization process, 

20 
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yp-^.«,ua.ene^K«e> oo,nposi.on «as prepared b, using me sa^e 
p.pa,a«o„ ra^ in B<ample 6. Pac«.axel was comp-e^y so«.ed in me 
^ o« system of Lpo«so,baa„ o. as ev«enced ^^fo^-^ 
single liquid pliase. 



Example 9. 

P^parafai of pa*axeUUpiodol«ricap,ylin composlUon and 
determination of its ptvysical stability 

^ oHy nbdure of 1 mi of Uplodol (Upiodoi UHra«, Uboratoire 

.„ Guert^et. France, lod^ conte,* 38 % -"V " "^ 

(Sigma « Co.) and 10 mg of pad«axel (Samyang Genex, Korea) were 
^ded in a test tube arrd soiublilzed by sUrring a. room temperature. To speed 
„p «,e soiubawon process, tl« composition was sonK=ated in a bath type 
sonictor. Paditax^ »as compieteiy solubi^ ^ «« oil mtdure of 
,s upiodoimicapry*, as evidenced by .bm,a«on of dear sing^ liquid p.«se. 
The prepared composMon was stery^d by trough a synnge *r 

(200 pn, pore size, PVDF .liter) and stored at room temperature and at 4 «C for 
200 days to observe the physical s.abi«ty ami «,e degradation of paclltaxel. 
The. was no change in the color and odor of the fonnula«on. Phase 
, separation or precipitation did no. occur. Degradation of pa.«ax. was not 
ohserved as evidenced by the anaiysU perfomted by HPLC. in case o, 
paCtaxeifliplodo, fonnulation in Example 1, the compos«on became ^ due 
,0 «,e prec^^ation of pac«axe, (F^ure 5A) a«er 200 days o, storage at ambient 
temperatures. Pacil.a>«l P-edpM- was obsetved under polarized l^h. 
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microscope for paclitaxel/lipiodol composition (Figure 5B). In contrast, 
paclitaxel/liptodol/tricaprylin composition stayed clear (Figure 5C) without 
forming paclitaxel precipitation (Figure 5D). Therefore, the paclitaxel/lipiodol 
composition can be stabilized for a long period of time by adding tricaprylin as a 
5 . component to inhibit paclitaxel precipitation. 

Example 10. 

Preparation of paclitaxel/Lipiodol/tricaprylin composition and 
detemiination of its physical stability 

10 A mixture of 1 ml of Lipiodol (Lipiodol Ultra-fluid, Laboratoire Guerbet, 

France. Iodine content 38 % by weight) and 0.01 ml of tricaprylin (Sigma 
Chemical Co.) and 12 mg of paclitaxel (Samyang Genex, Korea) were added in 
a test tube and solubilized by stirring at room temperature. To speed up the 
solubilization process, the composition was sonicated in a bath type sonicator. 

15 Since paclitaxel was completely solubilized in the oil mixture of 
Lipiodol/tricaprylin as evidenced by the formation of clear single liquid phase, 
the solubility of paclitaxel is higher in a mixed oil system of lipiodol/tricaprylin 
than in lipiodol alone. 



20 Experimental Example 2. 

Preparation of Melanoma animal model 

Melanoma cell line. B16F10, spontaneously occurring in C57BL/6J mice 

was obtained from American Type Culture Collection (ATCC, USA). The cells 

22 
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were cultivated in Dulbeccos Modified Eagle Medium (DMEM. Gibco BRLA.ife 
Technologies. New York. NY), supplemented wrth 10 % fetal bovine semm 
(FB§. Gibco) and 1 % Penicillin/Streptomycin (Gibco). To prepare melanoma 
animal model. 1 x 10« cells were dispersed in 100 jxl of DMEM and inoculated 
into rear left footpad of 8-week old C57BL/J mice (Samtaco. Korea). 



10 



Example 11. 

Detemiination of melanoma size after injecting 
paclitaxel/lipiodol/tricaprylin composition 

The paclitaxel/lipiodoWricaprylin composition prepared in Example 9 
was sterilized by injecting through a syringe filter (200 ^m pore size. PVDF 
filter). Twenty microliters of the composition was injected into the inoculation 
site of rear left footpad 5 days after inoculation of melanoma as in Experimental 
Example 2. As negative controls, a group injected with 20 ^1 of 
15 llpiodoWricaprylin (100:1 by volume) and untreated group were used. The size 
of the melanoma was quantified by measuring the thickness of the footpad and 
is shown In Figure 6. Melanoma began to grow 18 and 22 days after 
inoculation in case of the untreated group and the group treated with 
lipiodol/tricapryim. respectively. In contrast, melanoma did not grow at all in 
20 the group treated with paclitaxel/lipiodoWricaprylin proving the mariced 
anticancer activity. 



Example 12. 
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Determination of survival time after injecting paclitaxel/iipiodol/tricaprylin 
composition 

The paclitaxel/lipiodol/tricaprylin composition prepared in Example 9 
was sterilized by injecting through a syringe filter (200 jxm pore size, PVDF 

5 filter). Twenty microliters of the composition was injected into the inoculation 
site of rear left footpad 5 days after inoculation as in Experimental Example 2. 
Untreated group was used as a negative control. The number of surviving 
mice is shown in Figure 7 as a function of time. In the untreated group, mice 
began to die 20 days after inoculation. All of the mice died in 48 days after 

10 inoculation (n=6). All of the mice treated with paclitaxel/lipiodol/tricaprylin 
composition stayed healthy and alive shov\n'ng the marked anticancer activity of 
the present composition. 

INDUSTRIAL APPLICABILITY 

15 . The paclitaxel/oily contrast medium composition of the present invention 
Is a single phase viscous liquid. The composition of the present invention 
opens up a new administration route for paclitaxel, which has been 
conventionally administered mainly through Intravenous injection. The 
composition of the present invention can be used for the treatment of hepatoma 

20 by transcatheter arterial chemoembolization. The paclitaxel/Lipiodol 

fonnulation of the present invention Is easy to prepare and to sterilize and is 

physically and chemically more stable than conventional doxorubicin/Lipiodol 

fonnulation. Therefore, the composition is stable during and after the TACE for 

the treatment of solid tumors, and is stable for at least 60 days at room 

24 
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temperature. Also, «,e solubility of paditaxe. can t« increased in the 
paditaxelfllplodo. composition, which became stable for more im, at least 200 
days by adding a component that can inhibit pacUtaxel precipitation. 
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CLAIMS 

1. A composition comprising 0.0001 mg ~ 10 mg of paefitaxel in 1 ml of an 
oily contrast medium for chemoembolization. 

5 

2. The composition for chenr.^^^^bolization according to claim 1, wherein 
the oily contrast medium is an iodized oil selected from the group 
consisting of iodized poppy seed oil including Lipiodol and Ethiodol, and 
iodized soybean oil. 

10 

3. The composition for chemoembolization according to claim 2. wherein 
the oily contrast medium is an iodized oil of iodine content ranging 30 
50% by weight. 

15 4. The composition for chemoembolization according to claim 3, wherein 
the oily contrast medium is an iodized oil of iodine content ranging 35 - 
48 % by weight. 

5. The composition for chemoembolization according to claim 1, wherein 
20 the oily contrast medium is iodized poppy seed oil with the iodine content 

of 35 48 % by weight. 

6. The composition for chemoembolization according to claim 1. further 
comprising 0.01 1 ml of animal oil, vegetable oil or their mixture in 1 ml 

26 
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of the oily contrast medium. 

7. •n,e coraposiBon for chemoemboliza«on acoordins to claim 6. «he«,in 
the animal oil is squalene. 

8. The composition for chemoeml>oli«tlon acco*9 io claim 6, v*ereln 
the vegetable oil is soybean oil. 

9. The composition for chemoembolization aocording to any one of olaims 
1 - 8. Wherein the viscosity is 40-180 cP at room temperature. 

10. The composition for transcatheter arterial chemoembor^tion according 
to claim 9. used for the treatment of a solid tumor. 



15 ll.The composition for transcatheter arterial chemoembolization according 
to claim 10. wherein the solid tumor is hepatoma. 

12. A method of preparing the oily paclitaxel fomiulation for 
chemoembolization comprising the following steps: 



20 



- mixing an oily contrast medium and 0.0001 mg ~ 10 mg of paclitaxel 
per 1 ml of oily contrast medium to obtain a mixture of paclitaxel and 
the oily contrast medium, and 

- solubilizing paclitaxel by stirring the mixture. 



25 
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13. The preparation method according to claim 12. \whereln the sterilized oily 
contrast medium and paciltaxel are used in the mixing step under 
sterilized conditions. 

5 14. The preparation method according to claim 12, including the step of 
sterilizing the mixture after preparation by EO gas or gamma ray. 

15. The preparation method according to claim 12. wherein the mixture is 
heated to 35 ^ 45 ""C to solubilize paclitaxel. 

10 . , 

le.The preparation method according to claim 12, wherein the mixture is 
sonicated to solubilize paclitaxel 

17. A composition comprising 0.0001 mg - 13 mg of paclitaxel and 0.01 ml 
15 - 1 ml of an agent that prevents the fomiation of paclitaxel precipitation 

in 1 ml of an oily contrast medium to store for a prolonged period of time. 

18. The composition for chemoembolization according to claim 17, wherein 
the oily contrast medium is an Iodized oil selected from the group 

20 consisting of iodized poppy seed oil including Lipiodol and Ethiodol and 

iodized soybean oil. 

19. The composition for chemoembolization according to claim 18, wherein 
the oily contrast medium is an iodized oil of iodine content ranging 30 - 

25 50% by weight. 
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20. The composiaon for ehemoembollzation according to claim 19, wherein 
me oily contrast medium is an iodized oil of iodine confer* ranging 35 - 
48% by weight. 

21. The composition for chemoembolization accooling to claim 17. wherein 
the oily contrast medium is iodized poppy seed oil wrth the iodine content 
of 35 - 48% by weight 



10 22.Tf« composition for ct«moemtx>lWon according to daim 17, further 
comprising 0.01 - 1 ml of animal on, vegetable oil or the', mixture In 1 ml 

of the oily contrast medium. 

23. The composition for chemoem<»llzatlon according to dalm 22. wherein 
15 the animal oil is squalene. 

24. The composition for dismoamtxllratlon according to dalm 22. wherein 
the vegetable oil is soybean oil. 

20 25.The composition for chemoembolization according to any one of claims 
17 ~ 24. wherein the viscosity is 40-180 cP at room temperature. 

26. Thecomposffionfortranscatheterarterialchemoembolizationaccor^^^^^ 
to claim 25. used for the treatment of a solid tumor. 



25 



29 



wo 03/022248. PCT/KR02/01722 . . 

27. The composition for transcatheter arterial chemoembolization according 
to claim 26. wherein the solid tumor is hepatoma. 

28. The composition according to claim 17, wherein the agent that prevents 
5 the formation of paclitaxel precipitation is a chemical that can form 

hydrogen bonding with the above paclitaxel molecule or a chaotropic 
agent that can disturb intermolecular hydrogen bonding between 
paclitaxel molecules. 

10 29.The composition according to claim 28, wherein the chemical that can 
form hydrogen bonding with the above paclitaxel molecule is selected 
from the group consisting of alcohols, polyols, oils, lipids, polymers and 
peptides. 



15 30.The composition according to claim 29, wherein the alcohol is selected 
from the group consisting of methanol, ethanol, propanol, isopropanol, 
butanol and fatty alcohols. 

31. The composition according to claim 29, wherein the polyol is selected 
20 from the group consisting of ethylene glycol, propylene glycol and 

polyethyleneglycol. 

32. The composition according to claim 29, wherein the oil Is selected from 
the group consisting of triglycerides, diglyceride, monoglyceride, 

25 tocopherol and the mixtures thereof that can be extracted naturally from 
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animal or vegetable oil. 

33. The composition according to ciaim 29. wherein the lipid is selected from 
the group consisting of phospholipid, neutral lipid, cationic lipid, anionic 

5 lipid and fatty acid. 

34. The composition according to claim 29, wherein the polymer is selected 
from the group consisting of poly(lactic acid). poly(glycolic acid) and their 
copolymers, chitosan. alginate, hyaluronate. daxtran and poly(e- 

10 caprolatone). 

35.The composition according to claim 28, wherein the chatropic agent that 
can disturb intemiolecular hydrogen bonding between paclitaxel 
molecules is selected from a group consisting of dimethylsulfbxide and 
15 amides. 
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